Based on a greenhouse experiment, we evaluated nitrogen availability in the surface mineral layer of soil under various natural meadow stands by analyzing the following soil characteristics: total organic C, total N, initial content of easily available N inorganic forms, mineralized N content obtained by aerobic and anaerobic incubations and A-value. The experiment was performed on a test plant and through the application of urea enriched with 5.4 % 15 N. The investigated soils under natural meadows are characterized with comparatively high mineralization intensity and high N availability indices. Contents of mineral N produced by aerobic incubation and the intensity of the mineralization correlate with the total organic C in the soil and the total N in the soil. Correlation of the availability index of the soil N produced by aerobic incubation with the total organic C and the total N in the soil under natural meadows is almost linear (r = 0.9981 and r = 0.9997, respectively). Contents of mineral N produced by anaerobic incubation, as well as the corresponding N availability and mineralization intensity indices correlate poorly with the mentioned parameters. Efficiency of nitrogen utilization from the applied N-fertilizer by the test crop varies within a wide range of values and correlates with the biomass yields of the test crop.
INTRODUCTION
Nitrogen (N) is the most important essential nutrient for all living organisms on the Earth. It is present in a great number of complex organic molecules and plays a very important role in their activities. An adequate supply of nitrogen is essential for sustainable productivity of natural meadows. Humidity regimes and nitrogen amount in the soil influenced dry matter yield of meadow phytocenosis. Botanical composition and plant species number depended on agrochemical characteristics of the soil and management activities (Skuodiene et al., 2016) . The long lasting storages of available forms of this element cannot be formed in the soil. Potentially available N is released during the vegetation season through mineralization of organic compounds in soil, under the influence of microorganisms. Mineralization, total and mineral nitrogen decreased with depth (Romano et al., 2016) . Ammonium N (NH 4 + -N) and nitrate N (NO 3 --N) are the main nitrogen forms absorbed by plants, beside some organic N compounds (Li et al., 2013) . More than 90 % of soil N is in organic form, and about 40 % of the total soil N is in the form of polymers, like proteins and peptides (Schulten and Schnitzer, 1997) . Intermediate products of complex organic nitrogen compounds may be absorbed by plants. Actually, it had been found that the most important source of available N for a possibly wide variety of plant species, including those in natural and in managed ecosystems, are amino acids (Jämtgård et al., 2010) . During a vegetation season, an enormous immobilization is hidden by the prevailing mineralization processes. Thereby, the types of vegetation and plant remnants have a strong effect on the microbiological activity of soil.
Although N availability in soils has been the subject of many studies, there is not an generally accepted and completely reliable method for its assessment. Namely, N availability indices, developed for one mode of utilization of the soil surface (e.g. for cultivated land crops), do not give a good interpretation of another mode of soil utilization (e.g. for forest species) (Scott et al., 2005) . Obviously, the quantity of available N in soil is an important ecological factor. Soils under meadows and grazing land in Serbia occupy great areas, with moderate productivity, which must be remediated by fertilization (Simić et al., 2016) . Additionally, the condition of the meadows and grazing land is unsatisfactory because the productive potentials are utilized insufficiently or not at all (Simić et al., 2016) The aim of our study, apart from the assessment of available soil N in the surface mineral layer of various types of meadow soils, was to establish the relationship between available N reserves and some agrochemical characteristics of the meadow soils. Thereby, we shall contribute to the information on N availability in various meadow soils of the temperate climatic zone of Europe, useful for understanding of nitrogen dynamics, necessary for the appropriate and adequate management and meadow practice. This is to be achieved by determining the quantity of available N at the beginning of growing season; evaluating potentially available N by different methods; determining nitrogen absorbed by the experimental crop.
MATERIAL AND METHODS

Sites and Soils Used in the Experiment
For this study we collected 5 soil samples from 5 different locations (Tab. I). Soil samples were collected in mid-March from the surface mineral portion of the soil layer, from the depth of 0 -20 cm. From the collected soil samples, roots and nondecayed remnants of aboveground grass parts were removed. All the five soils, according to the texture ISSS classification (Baize, 1993) belong to the textural class of light clays. We used the collected soil samples to establish the vegetation experiment and laboratory testing. All research results relate to the features of the so-called fine soil, so that they are comparable with other authors' results. For the determination of agrochemical features and available N, soil samples were air dried, ground and sieved through a 2 mm sieve.
Experimental Design
In our research we employed the A-value method according to the description given by Fried and Dean (1952) . According to Fried and Broeshart (1974) , the magnitude of the "A" value, indicating the reserve of nitrogen available to plants, does not depend on the dosage of fertilizer; this is a constant value and the nitrogen fertilizer does not have an effect on an increase in the nitrogen mineralization rate in soil. The A-value concept is based on the assumption that major soil elements are absorbed by plants, proportionately to the content of their available forms in the soil. Knowing the dosage of fertilizer applied to the soil and the amount of marked nutrient absorbed by plants, one can determine the value of available nitrogen in the soil (Fried and Dean 1952 In each pot, 13 oat seeds were sown. After 7 days, the number of plants was reduced to 10. Soil humidity in vegetation pots was maintained at approximately 0.6-0.8 of maximum water holding capacity for each soil type. Two months after germination, the experiment was terminated. Above-ground parts of the crop (straw) were separated from roots and analysed separately. The roots were carefully separated from soil. According to the recommendations of IAEA for plant material preparations for isotope analyses (Axmann et al., 1990) , the plant material was dried in oven for 18-24 h at 70 °C, until constant mass was achieved. The material was ground subsequently.
Analytical Methods and Methods of Nitrogen
Availability Evaluation pH values were determined in 1M KCl (1:2.5 w / v). Total organic C in the soil was determined by soil sample mineralization with boiling dichromate and sulfuric acid mixture and subsequent titration of excessive dichromate with Mohr salt solution (Pansu and Gautheyrou, 2006) . Total N in soil and plant samples was determined by semi-micro Kjeldahl method (Pansu and Gautheyrou, 2006) .
The content of easily available N forms in soil was determined after extraction with 2M KCl (1:10 ratio) and 30 min shaking using a procedure described by Keeney and Nelson (1982) . The suspensions were filtered through Whatman 42 filter paper, and NH Quantities of available N, produced in soil under aerobic and anaerobic conditions, were determined according to the procedures described by Keeney and Bremner (1966) . The intensity of mineralization (IM) The nitrogen availability indices (ANI) were calculated from the following formula:
Determination of Isotope-Labelled Nitrogen in the Experimental Crop
Isotope measurements ( 14 N: 15 N) of the plant material were performed in two replications in full compliance with IAEA methodologies (Axmann et al., 1990 , Chen et al., 1990 : conversion of sample nitrogen into the ammonium form by an oxidation-reduction reaction, further converting of NH 3 into N 2 by the reaction with alkaline hypo-bromide and subsequent measurement on a CEC 21-620-A California mass spectrometer (Consolidated Engineering Corporation, Pasadena, California). For the nitrite and nitrate nitrogen forms, the classic procedure involves the reduction to NH 3 by Devarda's alloy during steam distillation, after previous removal of NH 3 present in the same sample by alkaline distillation with MgO (Chen et al., 1990) . Classic equipment for the process of N 2 preparation for the mass spectrometer includes a system based on degassing of liquid samples under vacuum and their subsequent mixing in Rittenberg Y-tubes.
The data presented in the tables are arithmetic means and standard deviations (SD) of the results obtained from three independent analyses of each investigated parameter of N availability. The results were statistically analysed (ANOVA) using the Tukey's test to check for significant differences between means (P ≤ 0.05). Coefficients of correlation between nitrogen availability parameters obtained by different methods and statistical significance of the coefficients were determined by Microsoft Excel 2010 for Windows.
RESULTS
Vegetation Experiment in Pots
The highest yield of the aboveground biomass (straw) was obtained on the soil of Chernozem type (19.27 g per pot), and the lowest on Calcaric Cambisol (7.07 g per pot). At the same time, the test crop is characterized with big variations in produced biomasses of the aboveground part (straw mass) and the root (Tab. II). The ratio between aboveground part biomass and the root biomass of the test crop is highest on Fluvisol (11.55), i.e. the aboveground part is significantly more developed than the root on this soil. On the remaining soils, this ratio varies between 3.69 and 7.26. The crop grown on Chernozem produced the highest average straw and root biomasses. The biomass yield of the test crop correlates poorly or not at all with the total C and N contents in the investigated soils.
Nitrogen concentration in the test crop varies within a rather wide range of values (Tab. II).
The lowest values were found in oats grown on Planosol and Eutric Cambisol, and the highest on Calcaric Cambisol. The highest uptake of nitrogen by the test crop was found on Chernozem (193.16 mg N per pot), and the lowest on Eutric Cambisol (93.36 mg N per pot). Nitrogen concentrations, both in the aboveground part (straw) and in the whole test crop (straw + root) are in very strong correlation with both organic C in the soil (r = 0.9621 and r = 0.9573) and total N in the soil (r = 0.9672 and r = 0.9615).
Inorganic Forms of Available N in Soil
Although the contents of total C and N in the investigated soils vary (Tab. III) within comparatively wide range between 1.08 -4.65 % and 0.105 -0.442 % respectively, the correlation between these two parameters is very strong (r = 0.9973). The ratio C / N varies between 9.04 and 10.52, which is a common finding for the soils under natural meadows. Ammonium form is the dominant form of easily available mineral N. The highest contents of the available mineral N were found in Chernozem (41.65 mg N kg −1 soil), and the lowest in Fluvisol (14.53 mg N kg −1 soil). In the investigated Calcaric Cambisol the highest amounts of mineralized and nitrified N were obtained by aerobic incubation (Tab. III). Due to this, the mineralization intensity (IM) and N availability index (ANI) are the highest in this soil (2.15 and 2.65, respectively), while in the other investigated soils they are lower. In Chernozem, the highest quantities of NO 3 − −N were obtained by aerobic incubation. However, aerobic incubation in brown Eutric Cambisol yielded very low concentrations of mineralized and nitrified N, which were lower than the initial values before the incubation. Thus, the mineralization intensity and the nitrogen availability Mineralization intensity (IM) shows strong correlation with the total organic C in the soil (r = 0.8891), and a very strong correlation with the total N in the soil (r = 0.9071). Coefficients of correlation between N availability indices (ANI) and total organic C and total N in the soil are very high (r = 0.9981 and r = 0.9997), so the correlation with these parameters is very strong.
On Contents of initially present mineral N, amounts of mineral N obtained by aerobic and anaerobic incubations, as well as the corresponding indices of N availability and mineralization intensity correlate poorly or not at all with the yields of the test crop biomass on the investigated soils.
Nitrogen Availability Determined by the A-value Method
In the experimental crop grown on Fluvisol and Calcaric Cambisol, the lowest values of nitrogen fraction were obtained (Tab. IV) in fertilizerderived fraction (N dff ), only 25.86 mg N per pot and 26.77 mg N per pot, respectively. In the experimental crop on the remaining investigated soil types, the values of the nitrogen fraction are practically two times higher, which shows that the percentage of fertilizer nitrogen utilization varies between 33.15 % and 44.62 %. Amounts of nitrogen fraction derived from the applied fertilizer (N dff ) show a weak correlation with other parameters of N availability in soil. However, the correlations N dff with test crop biomass yields are very strong: r = 0.9866; r = 0.9912 and r = 0.9855 (Tab. V).
The highest values of nitrogen fraction derived from soil (N dfs ) were found in test crop grown on Chernozem: 148.54 mg N per pot. On the other hand, on Eutric Cambisol, the lowest amount of nitrogen derived from soil was found (60.21 mg N per pot). Due to this, the lowest ratio of soil derived N (N dfs ) was found in the test crop from Eutric Cambisol (64.5 %), while the highest ratio was on Calcaric Cambisol (79.0 %). Also, amounts of soil derived nitrogen fraction in the straw and the whole III: Total organic C, total N and easily (Corre et al., 2002; Schimel and Bennett, 2004) . Substantial participation of clay fraction in a soil texture may protect organic N from microbiological degradation (Nannipieri and Eldor, 2009) . Initial NH 4 + −N contents in the investigated soils, which were higher than the initial contents of NO 3 − −N, may be a consequence of enrichment with plant species and the presence of grasses which reduce NO 3 − concentration in soil (Oelmann et al., 2007) . However, seasonal influence was not found on mutual relationship between NO 3 − −N concentration and plant species enrichment. On the other hand, legume presence is in positive correlation with soil NO 3 − −N concentration (Oelmann et al., 2007) . The mentioned processes are very variable spatially and temporally and may have different characteristics in different years, especially during growing season, because the activities of plants and soil organisms are controlled by variable water supplies and temperatures (Jamieson et al., 1999; Hook and Burke, 2000) .
The ability of plants to absorb nitrogen in both organic and inorganic forms indicate that the concentrations and relative ratios of these nitrogen forms in soil are important determinants of plant nitrogen nutrition, and thus of C / N ratio and interactions (Jämtgård et al., 2010) . In highly fertile soils, mineral N uptake is the main mechanism of N uptake by grasses (Weigelt et al., 2003) . Direct uptake of organic N in the form of amino acids may be encountered in terrestrial ecosystems, especially those with very limited N supplies, like lowproductive grazing lands in the areas with moderate climate Weigelt et al., 2003; Harrison et al., 2007) . For instance, although Eutric Cambisol is characterized with very low pH values, total organic C and total N (Tabs. I and III), biomass *Tc -amount of nitrogen absorbed from fertilizer in the aboveground part of a plant; Tr -amount of nitrogen absorbed from fertilizer to the root of plants; Uc -amount of nitrogen absorbed from the soil in the aboveground part of a plant; Ur -amount of nitrogen absorbed from the soil to the root of plants.
IV: Amounts of nitrogen fractions originating from the fertilizer (N dff ) and soil (N dfѕ ) in the experimental crop (mg N per pot) and the obtained A-values in the investigated soils (±SD)
Parameters
produced on this type of soil was higher than on Calcaric Cambisol and Fluvisol, which have more favourable pH values and much higher contents of organic C and total N (Tab. II). This effect was noticeable not only in the uptake and distribution of N in the test crop, but also in biomass distribution in the test crop (Tab. II: aboveground biomass / root biomass ratio). Our results show that the correlation between the total organic C content and total N content in soils under natural meadows is almost linear (Tab. V). Investigation performed on the same soils under forest stands also revealed a highly significant correlation (P ≤ 0.01; r = 0.996) between the contents of total organic C and total N (Dželetović et al., 2011) . However, the correlation with the test crop biomass yield on both soils is either poor or absent. Also, C / N ratio does not correlate with the yield parameters.
Nitrogen Availability Indices Obtained by Incubation Method
Although the rates of overall mineralization are primarily determined by the amount of mineral N that may be accumulated in soils, immobilization and losses may potentially significantly affect the accumulation of mineral N (Wang et al., 2001) . Total nitrogen mineralization and immobilization rates are significantly higher in the soils under grass than in arable soils, contrary to total denitrification rates which are higher in arable soils (Lang et al., 2016) . Nitrogen mineralization indices in soils under simple stands of perennial grasses may differ significantly and are usually higher than nitrogen mineralization in arable soils (Davis et al., 2013) . Long-term fertilizer application increase total rates of mineralization, immobilization and nitrification in comparison with non-fertilizer treatments (Lang et al., 2016) . In fungal and bacterial communities, the main determinant of the community structure in rhizosphere is the soil type (Singh et al., 2007) . Also, the composition of bacterial communities in rhizosphere soil under different plant species is similar, which reveals a weak influence of plant species on the structure of rhizosphere microbial community (Singh et al., 2007) .
It is considered that the mechanisms that underlie the differences in net amount of produced N between anaerobic and aerobic incubations depend on the soil type (Wang et al., 2001) . That is the probable cause of the encountered differences between the amount of mineralized N in Calcaric Cambisol and the remaining investigated soils. On the other hand, in Eutric Cambisol under aerobic conditions, the values of mineralized and nitrified N, mineralization intensity and nitrogen availability index were encountered that indirectly indicate a very strong denitrification. Nitrification is fast and it is prevailing under aerobic conditions (Aulakh et al., 2000) . However, there are specific situations. For instance, low pH exerts direct impact on nitrification processes in Planosol (Jakovljević et al., 2005) . Namely, increased and toxic amounts of nitrites arise spontaneously in Planosols as a consequence of decreased biological nitrification (Kresović et al., 2009 (Kresović et al., , 2010 . Namely, nitrites may arise with the introduction of ammoniac nitrogen in fertilizers, as a consequence of chemo-denitrification (Kresović et al., 2009) . Nitrites produced in Planosol soils may further be oxidized spontaneously by a non-enzymatic process (chemical nitrification) (Kresović et al., 2009) . Our results show that the amounts of mineral N produced by aerobic incubation and the mineralization intensity correlate with the total organic C in the soil and the total N in the soil. Besides, correlation of N availability index at aerobic incubation with the total organic N in the soil and the total N in soil under natural meadows is almost linear (r = 0.9981 and r = 0.9997 respectively).
Immobilization and mineralization transformations are more noticeable under anaerobic conditions. For that reason, the total amounts of mineralized N are always higher under anaerobic conditions, while the immobilization is higher under aerobic conditions (Wang et al., 2001) . The highest N mineralization under anaerobic incubation was obtained in Fluvisol. Fluvisols are characterized with periodic flooding and thus with periodic low oxygen content. Because of that, the native microbes are adapted to anaerobic conditions, which may explain high nitrogen mineralization in these soils, under anaerobic conditions. In accordance to this, negative correlation of N availability index at anaerobic incubation with the initial mineral NH 4 + −N in the soil is almost linear (r = −0.9915). Anaerobic incubation is recommended by American association of agronomy as a biological index of N availability (Keeney, 1982) . However, contrary to the results obtained at aerobic incubation, which correlate with the total organic C in the soil and the total N in the soil under natural meadows, our results show that the amounts of mineral N obtained at anaerobic incubation, as well as the corresponding N availability indices and mineralization intensities correlate poorly or not at all with the yields of the test crop biomass on the investigated soils and with the other investigated parameters. It follows that our results exclude the method of anaerobic incubation as an estimation of the amounts of available N in the surface layer of mineral soil part under natural meadows.
Nitrogen Availability Obtained by the A-method
Most indices are not a direct measure of quantitative plant uptake of nitrogen. Because of that, the indices of N available to plants may differ significantly from nitrogen uptake by a test plant (Velthof and Oenema, 2010) . It is widely accepted that the efficiency of N utilization may be improved when the amount of nitrogen introduced with fertilization is adapted to the requirements of the cultivated crop, corrected for the amount of plant-available N derived from soil (Mosier et al., 2004) . Because 100 mg N was introduced in each experimental pot, the obtained values of N fraction derived from the applied fertilizer (N dff ) are equal to % of N utilization efficiency. On Fluvisol and Calcaric Cambisol, characterized with higher values of total N content, a comparatively low value of N utilization from the applied fertilizer N was found (<27 %). Efficiency of the utilization of this nitrogen is highest on Chernozem (44.6 %) and it is close to the values which are found in arable soils. Although the efficiency of utilization of nitrogen from the applied N-fertilizer by the test crop varies within a wide range, it correlates with the yields of the test crop biomass.
Grass species differ in their ability to absorb organic and inorganic nitrogen forms (Bol et al., 2002) . Besides, total N uptake is also increased with plant species diversity. More diverse plant communities utilize more efficiently limited sources, like those of nitrogen (Oelmann et al., 2007) . Increased immobilization may lead to the decrease of yield under the conditions of low nitrogen supply, considering that under the conditions of high nitrogen supply immobilization of NH 4 + −N in comparison with that of NO 3 − −N often exerts no impact on plant yield (Jerabkova et al., 2006) . The lowest soil derived nitrogen (N dfs ) was found in the crop on Eutric Cambisol, which is characterized with the lowest contents of organic C and total N, while on Calcaric Cambisol, which is characterized with the highest contents of organic C and total N, the ratio of this N is highest. Also, amounts of soil derived nitrogen (N dfs ) correlate with pH values in the investigated soils.
Calculated A-value (amount of available N in the soil) correlates with the total organic C in the soil, total N in the soil, indices of mineralization and N availability in soil obtained at aerobic incubation (Tab. V). According to our investigation, A-value does not correlate with the initial mineral N in the soil, nor with the parameters of N availability obtained at anaerobic incubation of the soil, while the correlation between biomass yields of the test crop and A-values in the investigated soils is strongly negative. 
CONCLUSION
The investigated soils under natural meadows are characterized with comparatively high mineralization intensity and high N availability indices. Contents of mineral N produced by aerobic incubation and the intensity of the mineralization correlate with the total organic C in the soil and the total N in the soil. Correlation of the availability index of the soil N produced by aerobic incubation with the total organic C and the total N in the soil under natural meadows is almost linear (r = 0.9981 and r = 0.9997, respectively). Contents of mineral N produced by anaerobic incubation, as well as the corresponding N availability and mineralization intensity indices correlate poorly with the mentioned parameters. Efficiency of nitrogen utilization from the applied N-fertilizer by the test crop varies within a wide range of values and correlates with the biomass yields of the test crop. A-value correlates with the total organic C in the soil, total N in the soil, mineralization and availability indices of soil N produced by aerobic incubation.
